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1. No comment is needed on this item, which correctly indicates 
the prosecution history of the application. 

2. STAR SHAPED CARBON 

The product aspect of this invention is a carbon-containing 
heat source having one or more longitudinal fluid passages having 
an enlarged geometric surface area and is characterised in that 
the or each passage has the cross section of a multi pointed 
star. 

The cited publication No. 110 847, Fig. 2C discloses a heat 
source having four passages in the shape of four sectors 
separated by cross webs (or "splines* as the inventor describes 
them):. Such a shape is very different from the multi pointed 
star shape of the present invention and, as the subsequent 
discussion will show, behaves in a very different way during 
combustion. 

The following detailed discussion is offered in reply to the 
Examiner's questions to clarify the points he raised. 

Construction of the Star-Shaped Carbon 

As described in the present application (especially in 
Examples 1 to 5), various preferred examples of the invention can' 
be prepared by blending a mixture of charcoal particles, 
carbohydrate binder and water, to which may be added a burn 
additive (for example, iron oxide) if desired. The blended moist 
mixture is then extruded through a die, dried, baked and cut to 
length. 

The method of production places some limitation on the shape 
of the product. In particular, neither the points nor the 
valleys can be formed with an ideally sharp profile. Both have 
to be rounded to some extent, although the radii of curvature may 
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be very small. The reasons for this are as follows 

- the carbons are extruded through a very small die. 

- the preferred carbon particle size is about 25 microns 
(lmil):. 

- while it would be theoretically possible to extrude the 
carbon paste in a die with a minimum radius of curvature only 
slightly larger than the particle, notably at the points and 
valleys of the star, the usual practice is to have curvature 
equivalent to several times the particle diameter. This is done 
to ensure uniform extrusion of the piece. 

- the points on the star are formed by the valleys in the 
die and vice versa. To maintain a better uniformity the die 
valleys generally have a larger radius of curvature than the die 
points. This is because the flow of paste to the valleys of the 
die is more restricted. 

- in any case, the minimum radius of curvature of the die 
has to be larger than the curvature of the largest particle of 
carbon contained in the paste. 


The Examiner has criticised the explanation of the 
performance of the invention and the mathematical model included 
in a previous response, in particular for making "unreasonable 
deductions". 

Although superficially plausible, the Examiner's assessment 
of the situation can be seen upon closer study to be 
over-simplified. 

Thus, the cross-sectional area of the passage will 
inevitably increase as burning proceeds but, since burning takes 
place on the inner surface of the passage, this change of section 
is not fundamental to the performance of the heat source. 

Instead 1 , the crucial factor is the internal surface area, which 
in cross-section is represented by the circumferential length and 
not by the area-. The length of the side of each point does not 
increase in the simple manner imagined by the Examiner. Burning 
inevitably leads to a rounding of the valleys and a sharpening of 
the points, giving a much more complex situation. With the 
multi-pointed star it is possible to achieve a substantially 
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constant circumferential length even though the sectional area 
increases. This is demonstrated by the more detailed 
mathematical treatment that follows, at (1). 

Secondly, the Examiner's suggestion that burning may occur 
from front-end to rear-end is disproved in practice. No 
front-end to back-end burning is in fact observed. This is 
perhaps a surprising result and has been questioned by the 
Examiner. Nevertheless, it is an observed fact that burning 
takes place from the inside outwards, of which an explanation is 
suggested at (2) below. 

(1) Bunting Patterns in Star Shaped Carbon 

Burning of carbon is a surface phenomenon. As the carbon is 
combusted it burns away a layer from the surface. The depth of 
bunt' is the depth or thickness of the layer of carbon that has 
been bunted away . 

For the article to function properly, it is desirable that 
each puff maintain nearly the same energy as the previous puff. 
Ideally, each puff should supply the same energy. 

To maintain this objective, the efficiency of the article is 
its ability to approach the ideal energy delivery. Thus on each 
puff it is desirable to burn away the same volume (or weight): of 
carbon;. For a consistent puff, the same depth of carbon will be 
combusted since it is a surface phenomenon. Therefore, it is 
desirable to have a shape inside the carbon which maintains the 
same area for combustion. Since there is substantially no change 
in the length of the carbon piece, the internal circumferential' 
dimension should remain essentially constant. 

The carbon hole patterns shown in TW 110 847 do not meet the 
delivery efficiency desired. Whether there are multiple holes 
(Figs. 2A and B) or quarter circle sections (Fig. 2C), the 
combustion surface area increases as the bum depth increases, so 
producing greater energy in each succeeding puff. Moreover, 
where there are cross webs (isplines) as in the quarter circle 
case, the energy delivery will suffer a substantial drop when the 
webs bum through. 

In the star shape, the combustion area can be maintained at 
substantially constant levels during the burning of the carbon. 
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In the calculation for the star shape, the small radius of 
curvature at the point, which will become even smaller as burning 
progresses, is ignored because it is an insignificant factor in 
the dimensional changes during burning. Similarly the initial 
curvature in the valley is ignored, but the curvature developed 
in the valley after burning becomes a quite significant factor in 
the circumferential area and has been included in the 
calculation. 

As can be seen, the star shaped carbon burns at nearly the 
same energy delivery throughout its use. Changes in the point 
and valley die configurations will not materially effect the 
performance of the star shaped article. 


Quarter Circle Example 



Scaling Fig. 2C in the cited Publication No. 1.10 847 for a 
4.5mm outside diameter (OD) carbon element gives the following 
dimensions. 
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I^tu;ai Area Before Burning 


Radius of outer circle: 

r = 2.25mm 

Radius of inner circle: 

r = 1,6875mm 

o 

Thickness of continuous peripheral zone: 

x = r - r = 0 o 5625mm 

o 

. -1 d/2 . -1 0.375 

ct = sm —— = sm i ~ 687 ~ 5 = 12.84° wherein the 

o 

thickness of cross web 
d = 0.75mm 

Length of straight sector side: 

1 = r cos a - d/2 = 1.6875 cos 12:.84°-0.375 = l!.27mm 

o o 

Then the area per unit length of one quarter circle passage: 

A = 21 ‘ 90—2a x 2 

360 ° 

2 

= 2 x 11.27 + 90-25.68 x 2 iri.6875 = 4.434mm /mm 

360 


Burning 

Assuming (not unreasonably) all surfaces are consumed to the same depth. 
Ax, in the same time: 


Dimensions of sector after burning: 


b 


“b 


= 1.6875 

= 1.27 

.. -1 
= sin 


+ Ax 
+ 2 Ax 

0.375 - Ax 

1.6875 + Ax 


Thus, with progressive burning, the following changes occur 

Ax a A (one passage Total area (4 pai 

0 mm 

12.84° 

2 , 

4.434mm /mm 

2 

17.736rnm /mm 

0.1 . . 

8.85° 

4.996 

19.984 

0.2 

5.32° 

5.554 

23.816 

0.3 

2.16° 

6.112 

26.848 

0.375 

0 

3.240 

12.96 

0.5625 

0 

3.534 

14.136 
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Multi-Pointed Star Example 



In the above diagram^ showing the original profile (solid 
lines) and burnt profile (broken lines) of one surface of one of 
8 points: 

r = 2.25mm 

lo = 1.1 mm 

a = 22.5", (5 = 35" and after burning V = 77.5" 


Ignoring for convenience the minimal initial curvature of 
point and valley then for combustion to a depth of Ax: 


A = lo - a1 + 2n A x Y 

360 

= 1.1 -.. A* - ,+ 1.353 A x = l.li - 0.075 *x 

tan 35° 


Thus, with' progressive burning the following changes occur: 


Ax A (single surface) 


0mm 

0.1 

0.2 

0.3 

0.375 

0.5625 


1.1mm 2 /mm 

1.0925 

1.015 

1.0775 

1.0719 

1.0573 


A for entire article 
(8 points, 16 surfaces) 
17.6mm 2 /mm 
17.48 
17.36 
17.24 
17.15 
16.92 
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(2) Burning of the Carbon from Front to Back 

No front to back burning is observed. A possible explanation 
of this unexpected! result is the following:- 

- during burning of an article a two second puff Is taken 
followed by nearly 1 minute of time where no air is drawn through 
the carbon. 

- during the quiescent period, heat is lost from the front 
face of the carbon. Since the carbon is hot after puffing 
ceases, radiation is a major cause of this heat loss. Radiation 
within the carbon piece is predominantly contained within the 
carbon and not lost. This results in the front face temperature 
being lower and, hence, a significant reduction or elimination of 
burning on the front face. 

- during; puffing, the air flow across the face is at a much 
lower velocity than that through the passage in the carbon. This 
results from the fluid dynamics associated with restricted flow, 
and is similar for any case of fluid flow into an orifice in a 
flat face. The low air velocity also minimizes burning: at the 
face 

Summary 

- the star shape permits the very efficient delivery of 
uniform energy during each puff. 

- the use of multiple holes or quarter circle sections do 
not do this. The rate of heat generation will increase linearly 
as the carbon is consumed in all of these prior art cases. 

3. CARBON PROCESS 

The process as described in claims 20 to 36 is different 
from that disclosed in TW 110847. This dbcument describes a 
method of making a heat source or fuel element by mixing carbon 
particles, CMC as a binder, potassium carbonate as a burn 
additive and 1 water and extruding the mixture to form a solid rod. 
Longitudinal passages can be found by boring the rod or at the 
time of extrusion. The carbon particles are obtained by 
pyrolysing cellulosic material in a "non-oxidizing atmosphere", 
that is, either an inert gas or a vacuum. 

In contrast, the present inventors have found substantial 


- 7 - 

Source: https://www.industrydocuments.ucsf.edu/docs/fyfjOOOO 


2020048194 



advantages in using charcoal formed by carbonizing material in an 
oxidizing! atmosphere. This is nowhere suggested in the prior 
art. 

In addition, the preferred embodiments of the method exhibit 
the following differences 

- carbohydrate binders such as flour or sugar are preferred. 
The prior patent uses binders such as CMC which are certainly 
more expensive than the flour and sugar binders, which are 
obtained from agricultural sources. 

- oil' (corn oil) addition is preferred. The prior patent 
does not include any oil addition. 

- cellulosic plant derivatives are preferred as carbon 
sources, such as wood, bark, nut shells tobacco or rice hulls. In 
the prior patent, high alpha-cellulose material is preferred as 
the starting point, for example hardwood pulp, cotton or rayon.. 
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